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CHUONG NAY BAO GOM CAC NOI DUNG:

e Do quang sai

e Quang hoc thj giac

e Kién thirc co ban vé do quang sai

e Cac quang sai bac cao

e Do chinh xac cta quang sai ké

e Can béng quang sai & mat ngudi

e Chinh mét bang quang hoc thich (rng

e Lién quan gitra RMS, hé sb Zernike va thj luc

GIOI THIEU VE DO QUANG SAI (ABERROMETRY)

“Sau cudc sdng, qua ting qui gia nhat ctia Thwong dé 1a thij giac.” Cha tich Frank Devlyn.
La nhirng chuyén gia khic xa nhan khoa, mét trong nhirng nhiém vu cta ching ta trong doi sbng 1a bao vé, phuc
héi va tang cwdng thj lwc clia cac bénh nhan Mét s6 nguyén nhan cuda thi lwc kém la gi?

e Céc bénh méat nhw glécdm hodc duc thé thay tinh

e Céac bénh toan than nhw u nédo anh hwdng dén dudng thi giac
e Chéan thwong mét nhw dung dap mét khi choi béng ré

e Céc bét thwong trong qua trinh phat trién nhw nhuoc thi

e Cac tat khuc xa
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GIOI THIEU VE PO QUANG SAI (TIEP THEO)

Nguyén nhan thuwéng gép nhét cla thi lwc kém la tat khac xa khéng dwoc chinh kinh, do d6 mét trong nhirng diéu
quan trong nhat ma ching ta lam |a danh gia chat lwong quang hoc ciia mét. Kién thirc quang hoc lam cho cac nha
khtc xa nhan khoa tré thanh nhirng chuyén gia cé trinh d6 chuyén moén tét nhat d& cham séc nhirng nhu cau thi
giac clia bénh nhan. Chung ta hay thao luan mét trong nhirng phat trién méi dang chi y nhét trong linh virc quang
hoc thi giac: do quang sai.

Cau héi: Po quang sai la gi?

Tral&i: Do quang sai con dwore goi la do cam bién mat séng. N6 la mét phwong phap dung dé do tat khuc
xa chi tiét hon nhiéu so vé&i cac phwong phap do khuc xa lam sang truyén théng nhw do khic xa
cha quan bang phoropter hodc do khuc xa tw dong.

Mat séng 1a bé mat ciia mét song lan truyén, xac dinh béng cach lién két tat ca cac diém & séng cé cling moét pha.

Do quang sai str dung mot phwo’ng phap khac do tat khidc xa. N6 do hinh dang cla mat séng anh sang da di qua
cac thanh phan quang hoc cua méat. Khi phan tich hinh dang mat séng, ching ta cé thé xac dinh mrc dd va loai tat
khuc xa & mét, bao gébm:

e Tatkhic xa cau (can thi, vién thi)
e Tatloan thi
e Céc quang sai bac cao (coma, cau sai va cac quang sai khéc)

ON LAI QUANG HOC THI GIAC

| NHO'NG DIEM GIONG NHAU GIO’A MAT VA MAY ANH |

Mat ngudi thuong duoc vi nhw la mot may anh. Ca 2 déu 1a dung cu quang hoc dé tao ra anh. Nhirng diém twong
tw khac dwoc tom tat & Bang 1- 1.

MAT SO bO
Hinh minh hoa may anh c6 thé gitp ching ta hiéu vé& mét, va mét so db ciing hitu ich cho muc dich nay. Thi du:
e Métso dd sb 1 Gullstrand. Giac mac c6 2 mat, thé thiy tinh cé 4 mat, cac mét cau can déi xoay

e MAét rut gon Gullstrand-Emsley. Giac mac c6 moét mat, thé thay tinh c6 2 mat, cac mét cau can déi xoay (xem
Hinh 1-1)

e MAét Indiana. Giac mac c6 mot mét phi cAu véi mot ddng tlr. Xem bai bao & trang web sau:
(http://research.opt.indiana.edu/Library/INEye/IndianaEye.html) hodc & Thibos LN, Ye M, Zhang X, BradleyA.
Spherical Aberration of the Reduced Schematic Eye with Elliptical Refracting Surface. Optom Vis Sci 1997,
74:458-556

Bang 1-1: Nhitng diém giéng nhau gitka méat va méy énh

MAT MAY ANH CHU'C NANG
Gidc mac +the | o4 thanh phan cia éng kinh HGi tu anh sang, tao thanh anh
thay tinh
V5 Phim hodc vi mach CCD (may &nh | Tiép nhan hinh anh, chuyén cac photon thanh tin hiéu
ong mac b Ay X n
kT thuat so) dién
Péng tor Khau do Dieu khién dé sang anh, dd sau tiéu diém,

nhiéu xa, quang sai

Lop biéu mo sac

t6 véng mac Buodng toi bén trong Gidm tan xa anh sang trong

Diéu tiét Co ché tw didu tiéu Hoi tu cho cac khodng cach khac nhau
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ON LAI QUANG HOC THI GIAC (TIEP THEO)

Cau héi: Binh nghia thé nao la déng tir vao?

Tra I¢i: N6 la anh cta dong tir thwe dwoc tao thanh boi giac mac. Nghia 1a néu dong tir giai phau hoac
mong mat |a vat thi (sau khi khic xa b&i giac mac) dong tir vao la anh cua né. Khi ching ta nhin
vao mat cua mét ngwei va thay dong tir hoac mong mat, ching ta khéng thay dwoc dong tor thwe
ma d6 la anh cua dong tw, tirc la dong tir vao. Dong tir vao dac biét quan trong khi do quang sai
b&i vi n6 1a mat phang qui chiéu chuan cho do quang sai cia mat.

Quang sai ké COAS (Complete Ophthalmic Analysis System) cho phép dinh r6 quang sai & mat phang kinh hoac

mat phang giac mac, nhwng phép do tiéu chuan thwéng & mat phang déng t& vao.

| CAC TRUC CUA MAT
Trong quang hoc thi giac, ban da biét mét sé truc Ii thuyét cia mét va cac goc quan trong gitra cac truc do.
Pébi véi muc dich do quang sai, truc quan trong nhat ctia mét 1a truc nhin (line of sight).
Truc nhin la doan théng néi diém dinh thi v&i tam doéng tlr vao. Néu mot tia sang di vao mét & truc nhin, thi n6 sé
tiép tuc di 6"tror]g mat tlr ddng t& ra dén hoang diém. (Hinh 1-1) Truc nhin quan trong dbi v&i do quang sai bdi vi do
guang sai can lay tam & truc nhin.
Chuong 10 ban vé nhirng yéu t than kinh, kich thwdc hidu qua cla té bao non cia hoang diém, ciing nhw hiu
trng Stiles-Crawford. Ching ta sé nghién ctru chi tiét hon nhirng van dé nay & phan sau cua khoéa hoc khi nghién
cwru thi lye khéng gian.

Hoang
& aiém

Truc déng tl

---------------- «cyesau XP: Dong tt ra
EP: Bdng tl vao
N: Diém nut

Truc nhin

Truc nat

Hinh 1-1: Hinh dya vao mat rat gon Gullstrand-Emsley cho
thay mét so truc va goc quan trong, cling nhw vj tri cia dong
tr vao va dong t ra

Lién quan dén cac phuong phap do quang sai ctia mat, Vién tiéu chuan qudc gia Hoa ki (ANSI) 2004 tom tat nhiéu
nguyén li co ban ctia do quang sai va tiéu chun hoéa cac hé théng do va ghi quang sai.

KIEN THU’'C CO BAN VE PO QUANG SAI

e Quang sai bac cao la gi?
o Do la cac tat khuc xa
e Quang sai ké 1a gi?
o D6 la cac siéu khuc xa ké
o Da thirc Zernike 1a gi?
0 La moét cach dé ghi cac tat khuc xa
e Nhirng ai can dwoc do quang sai?
0 Nhirng bénh nhan cé thj Iwvc kém do quang sai bac cao
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e Quang sai = cac tat khuc xa
e (Cac tat khuc xa gém can thi, vién thi, loan thi va cac loai khac
e Céc tat khic xa (quang sai bac thap): tat khic xa cau, loan thi

QUANG SAI BAC CAO e Cac tat khuc xa (quang sai bac cao): cac loai khac

LA GI? ] .

¢ Quang sai ké do cac quang sai don sac

e S3c sai la mét chu dé khac

e Quang sai Seidel la cho cac quang hé nhan tao, khéng phai la mat

e DA voi nhikng trwdng hop dong tir kich thude Ion thi quang sai s& anh hudng

nhiéu nhat

e Loiich I&n nhat cla viéc chinh quang sai bac cao la cho céc kich thuwéc ddng

KiCH THUO'C DONG tr lon

TU RAT QUAN TRONG | ¢ Mot cach dé gidm quang sai la giam kich thwéc déng tir

e Thiluc siéu thwong = thi lwc véi hé théng quang hoc hoan hao (khong co
quang sai)

e Thilwc tét nhat 1a 20/8 hoéc 6/2.4!

e Con goi la may cam bién mat séng

QUANG SAIKE LA GI? | « Gibng nhuw cac siéu khic xa ké tw dong, né do tat khuc xa cau, loan thi, va cac
quang sai bac cao

e Do nhirng bién dang mét séng anh sang di qua hé théng quang hoc ctia méat
e Quang sai (cac tat khuc xa) lam bién dang cac mat séng quang hoc di qua
QUANG SAI KE PO mat

CAI GI? e Do hinh dang mat séng dé xac dinh quang sai & mét

e Quang sai ké Shack-Hartmann (loai phd bién nhat) do hinh dang mat song
phat ra tir mat sau khi phan xa b&i vong mac

e Quang sai ké do mat séng
GHI QUANG SAI THE e Mat séng bj bién dang b&i quang sai & mat

NAO? e Hau hét cac mat déu co hbn hop nhiéu quang sai gay ra mat song khong déu
va bién dang. (xem Hinh 1-2)

Cau héi: Lam thé nao dé c6 thé chan doan cac quang sai dic tring & méat gay ra nhivpng bién dang nay?
Tra I&i:  Phan tich mit séng bang da thirc Zernike.

ciu sai

Hinh 1-2: Mét séng & phia trén bén trai chira cac quang sai nay
Thang 3, 2013, Phién ban 1-1 Nhén thiec thj gidc va sinh Ii hoc than kinh, Chwong 1-4
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e Céc da thirc Zernike: tiéu chuan hién dai dé danh gia cac quang sai ciia mét ngudi (ANSI Z-80.28-2004)

e Mot hé thdng toan hoc: sap xép cac quang sai dac trwng (cac dang Zernike) thanh mot hé thir bac (xem Hinh
1-3).

Cac dang Zernike

‘T lol k.
REEOENE

Hinh 1-3: Céc dang Zernike duwoc sdp xép theo hinh chép. Méi dang la mét quang sai

Bang tuan hoan céc dang Zernike: hinh chép nhw & Hinh 1.3

Puorc sép xép thanh cac bac Zernike (cac hang). Chi 5 bac dau tién dwoc trinh bay trong Hinh 1.3
Cac dang Zernike cia mbi hang dwgc danh sb.

Céc dang cu thé dwoc nhan biét bang moét chi sé dudi (n) va chi sé trén (m): Z.m

Trong d6 n = sb bac, m = sb dang

Céc dang bac 2 gébm tat khuc xa cau Z2° va loan thj Z22 va Z»2.

Céac dang bac 3 va cao hon dwgc goi la quang sai bac cao.
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Hinh 1-4 Thi du mét mat séng clia mat véi don kinh thwdng va don kinh Zernike.

Pon kinh thwéng: +0.25 -0.75 x | 1

Don kinh Zernike t¢i tan bac 4:
bac 2 bac 3 bac 4
Dang: 22-2 220 222 23-3 Z3-1231 233 24-424-2 240 242 Z44
He sb (um) .56 .27 .64 -03 .07 -05 .06 .03 .04 .11 0 -.08

coma

DK dbng tir: 5.6 mm
Téng RMS: 0.76 pm }

RMS bdc cao: 0.51 ym

Hinh 1-4: M4t séng va di liéu mo 3 tat khiic xa ctia mét mat

Kich thwéc dong tir 1a mét phan quan trong cua dir ligu Zernike. Cac hé s6 Zernike chi ap dung cho mét
kich thwéc dong tlr. Ching sé thay déi néu kich thwéc dong tir thay doi.

Don vi ctia cac hé sb Zernike 1a micro mét (um).

Téng RMS (Root Mean Square) = tdng dd I&n clia toan bd cac tat khic xa ctia méat (d6 cau, do tru + quang sai bac
cao).

RMS bac cao = dd |&n cla toan bd cac quang sai bac cao clia mat.

Thi du trwedng hop

Mot phu ni 35 tudi, dén phong kham khuc xa d& kham mét toan dién

Trwdc d6 nhiéu nam da dwoc phau thuat rach giac mac hinh nan hoa & 2 mét

Phan nan nhin cé béng/song thi/léa méat, mdi mét, dau dau, khé doc sach, nhat 1a vao bubi téi, va khi lai xe trong
dém

Do quang sai cho thay cac quang sai bac cao I&n hon binh thwdng (khéng chinh dwoc bang kinh) do rach giac
mac hinh nan hoa

Bénh nhan duoc ké thubc nhé mét a-2 adrenergic agonist (Brimonidine) dé gidm kich thwéc dong to

Bénh nhan van dung thuéc 1 nam sau. Thi lwc cai thién, khong 16a mét, khéng dau dau
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Gi&i thiéu vé do quang sai & 6n tap quang hoc thj gidc

KIEN THUP'C CO BAN VE PO QUANG SAI (TIEP THEO)

Béng 1-2:Céc da thirc Zernike ttr bac 2 dén béc 4

BAC DANG ZERNIKE TEN PHUONG TRINH BAN DO GIAC
(CO cuyce) MAC

2 Ve Loan thj chéo \/Epzsinze s
2 z? Tat khuc xa cau V3(2p% - 1) r"‘

\J
2 z7 Loan thj thuan/ngwoc \/Epzcosze I
3 zZ53 Hinh 3 canh chéo J§p35in36 I
3 zit Coma doc V8(3p® — 2p)sing E
3 z! Coma ngang V8(3p® — 2p)cosh m
3 z3 Hinh 3 canh ngang V/8p3c0s36 i
4 zt Hinh 4 canh chéo V10p*sin48 l
4 Z;2 Loan thj chéo bac 2 V10(4p* — 3p?)sin26 E
4 z20 Cau sai V5(6p* — 6p% + 1) ™~
4 72 Loan thj g)négcu’gc/thuén) VI0(4p* — 3p)c0s26 H
4 z Hinh 4 canh V10p*cos46 '

Loan thj nguoc: dé sai mat séng dwong téi da & 180 do)
Loan thi thuan: d6 sai mat séng dwong téi da & 90 do)
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Gi&i thiéu vé do quang sai & 6n tap quang hoc thj gidc

KIEN THU’C CO BAN VE DO QUANG SAI (TIEP THEO)

Bang 1-3: Trung binh ctia céc hé sé Zernike tuyét dbi + do léch chuén (um) cho diF liéu két hop ctia MP va MT cho 4 duong kinh

dbng tir. (trich tir nghién ciru cia Gs Thomas Salmon, déng trong tap chi Journal of Cataract and Refractive Surgery).

SO HANG ZERNIKE 6.0 MM 5.0 MM 4.0 MM 3.0 MM
z;3 0.106 + 0.088 0.069 + 0.056 0.040 + 0.033 0.019 + 0.016
z;t 0.143 +0.118 0.082 + 0.069 0.045 + 0.038 0.021 +0.018
zZ3 0.090 + 0.076 0.056 + 0.047 0.033 + 0.027 0.015 + 0.013
z3 0.081 + 0.066 0.052 + 0.043 0.030 + 0.026 0.014 +0.013
z* 0.038 + 0.033 0.023 + 0.020 0.012 £ 0.011 0.005 + 0.004
Z; 2 0.027 + 0.023 0.017 £ 0.015 0.009 + 0.008 0.003 + 0.003
zy 0.128 + 0.096 0.064 + 0.049 0.028 + 0.022 0.010 + 0.008
z? 0.048 + 0.039 0.026 + 0.023 0.013 £ 0.013 0.005 + 0.005
zZ: 0.043 + 0.038 0.025 + 0.022 0.013+0.012 0.005 + 0.005
z5° 0.025 + 0.022 0.011 £ 0.010 0.004 + 0.003 0.001 + 0.001
z:® 0.024 + 0.021 0.010 + 0.009 0.003  0.003 0.001 + 0.001
zs" 0.028 + 0.024 0.012 £ 0.011 0.004 + 0.004 0.001 + 0.001
Zd 0.020 +0.018 0.009 + 0.008 0.003  0.003 0.001 + 0.001
z3 0.018 + 0.016 0.008 + 0.007 0.003 % 0.002 0.001 + 0.001
z: 0.023 +0.021 0.010 + 0.009 0.003 + 0.003 0.001 + 0.001
z5¢ 0.019 + 0.018 0.007 + 0.006 0.002 + 0.002 0.000 + 0.000
z:* 0.014 + 0.014 0.005 # 0.005 0.001 + 0.001 0.000 + 0.000
Z:2 0.012 + 0.011 0.004 + 0.004 0.001 + 0.001 0.000 + 0.000
z?] 0.024 + 0.020 0.008 + 0.007 0.002 + 0.002 0.000 + 0.000
z? 0.016 + 0.016 0.006 + 0.006 0.002 + 0.002 0.000 + 0.000
zs 0.017 £ 0.016 0.006 + 0.006 0.002 + 0.002 0.000 + 0.000
z¢8 0.020 + 0.018 0.007 + 0.006 0.002 + 0.002 0.000 + 0.000

Déi véi cac quang sai tir bac 3 dén bac 5, n=2,205 cho 6.0 mm va n=2,560 cho 5.0, 4.0, 3.0 mm

Déi v6i quang sai béc 6, n=1871 cho 6.0 mm va n=2,008 cho 5.0, 4.0, 3.0 mm
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KIEN THU’C CO BAN VE PO QUANG SAI (TIEP THEO)

Béng 1-4: Cac gia tri RMS trung binh + d¢ léch chuén (um) cia dang Zernike c6 cuc va dang Zernike két hop, cac bac Zernike
va tong cac quang sai bac cao (bdc ttr 3 dén 5) cho 4 dwong kinh déng ti. Lay tir di¥ liéu tong hop cta ca MP va MT (trich to
nghién ctru cta Gs Thomas Salmon, dang trong tap chi Journal of Cataract and Refractive Surgery).

RMS CHO 6.0 MM 5.0 MM 4.0 MM 3.0 MM
DANG CO cucC
731 0.185 £ 0.118 0.109 + 0.069 0.061 £ 0.039 0.029 £ 0.018
733 0.147 £ 0.091 0.095 + 0.058 0.055 + 0.035 0.026 £ 0.017
740 0.128 + 0.096 0.064 £ 0.049 0.028 £ 0.022 0.010 £ 0.008
742 0.060 + 0.039 0.034 £ 0.023 0.018 £ 0.013 0.007 % 0.005
744 0.063 £ 0.042 0.038 £ 0.025 0.020 £ 0.013 0.008 £ 0.005
751 0.039 £ 0.025 0.017 £ 0.011 0.006 + 0.004 0.001 £ 0.001
753 0.033 £ 0.022 0.014 £ 0.010 0.005 + 0.003 0.001 £ 0.001
755 0.037 £ 0.025 0.016 £ 0.011 0.005 + 0.004 0.001 £ 0.001
760 0.024 £ 0.020 0.008 £ 0.007 0.002 £ 0.002 0.000 + 0.000
762 0.023 £ 0.017 0.008 £ 0.006 0.002 £ 0.002 0.000 £ 0.000
764 0.025 £ 0.018 0.009 £ 0.007 0.002 £ 0.002 0.000 + 0.000
766 0.030 £ 0.022 0.010 £ 0.008 0.003 £ 0.002 0.000 £ 0.000
DANG KET HOP
I?;gffzoﬁ? 0.192 +0.115 0.112 + 0.068 0.062 + 0.039 0.029 + 0.018
D(“f‘zrll%iézgg)ai 0.133 + 0.094 0.065 + 0.048 0.029 + 0.021 0.010 + 0.008
BAC ZERNIKE
3 0.251 £ 0.123 0.153 £ 0.075 0.087 £ 0.043 0.041 £ 0.021
4 0.169 + 0.090 0.090 + 0.046 0.043 £ 0.022 0.016 £ 0.008
5 0.067 £ 0.034 0.030 £ 0.016 0.010 £ 0.005 0.002 £ 0.001
6 0.057 £ 0.030 0.020 £ 0.011 0.005 + 0.003 0.001 £ 0.001
(Tlf’a'lgfgé':‘ag)ca° 0.327 +0.130 0.186 + 0.078 0.100 + 0.044 0.045 + 0.021

Déi v6i céc quang sai tir bac 3 dén bac 5, n=2,205 cho 6.0 mm va n=2,560 cho 5.0, 4.0, 3.0 mm

Déi véi quang sai bac 6, n=1871 cho 6.0 mm va n=2,008 cho 5.0, 4.0, 3.0 mm
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Gi&i thiéu vé do quang sai & 6n tap quang hoc thj gidc

CAC QUANG SAI BAC CAO

Bang 1-5: Céc thi du dir liéu ttr mot I6p hoc vat Ii than kinh va sinh Ii than kinh thj giac. Hang 1 cho thdy cac hé s6 Zernike cta
mot mat tot nhat cé quang sai bac cao.

ENTITY PONG T RMCSA%AC 2(3,-3) | z@3,-1) | z@1) | 233 | z@o0
Tot nhat cta nam 6.0 0.13 -0.07 0.02 ~0.09 0.01 0.00
trudc

Tét nhét 16p 12 5.0 0.11 -0.02 0.00 0.04 0.07 0.02
Sé trung binh cua l6p 5.0 0.21 0.00 -0.01 0.00 -0.01 0.04
o ) B B! 5.0 0.21 0.08 0.08 0.06 0.07 0.07
doi caa lép

Mtkc chuan tuyét doi 5.0 0.19 0.07 0.08 0.06 0.05 0.06
cua trwong OCO

Mat LASIK (tuyét déi) 6.0 0.34 0.09 0.02 0.09 0.02 0.27
Céc ti s6 LASIK 1.03 0.81 0.14 1.00 0.25 2.07

Lam thé nao dé tinh gia tri trung binh ctia méi quang sai bac cao cho I&p hoc?
e LAy tbng gia tri ciia mbi ngu i

e Chia cho s6 nguoi

 DGi voi hau hét cac quang sai, triv cau sai Z(4,0), s6 trung binh thwdng bang zero.
Ban c¢6 thé giai thich tai sao khédng? Chu y rang diéu nay ciing dung cho 1&p.

e Taisao ching ta muén biét sb trung binh clia cac gia tri tuyét dbi?

e Chuy sb trung binh ctia I16p khéc thé nao so véi mirc chuan cla trwdng khic xa nhan khoa Oklahoma (OCO)
(dang & tap chi JCRS thang 12, 2006)

Thang 3, 2013, Phién béan 1-1
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CAC QUANG SAI BAC CAO (TIEP THEO)

0.06

um Céac hé sb Zernike trung binh (déng t&r = 5.00; n = 2,560)

(3,-3) (310 G,1) 3,3 4,4 (4,2 4,0 42 G4 (5-5 (59 51 G5V 59 (55 (6,6 (6,4 6.2 6,0 (62 (B4 (56

Dang Zernike

Béng 1-5: Cac hé sb Zernike cho kich thuéc dbng tr 5mm

Chia ti I&é cac hé sb Zernike theo mét dwong kinh déng tor khac
Cong thirc gan dung dé xép bac gia tri ctia mot hé sd Zernike theo mét kich thuwéc ddng tir khac:

dodng t&r2n

—————(hé sb1)
dong tr1n

Heé s62 =
Trong dé n = bac Zernike cta hé sb do.
Bai toan thi du
Gia st gia tri 22 (cAu sai) cho mot ddng tir dwdng kinh déng tir 6.0 mm Ia 0.13. Hay tinh gia tri Z; cho mot duwong
kinh dong t&» 5.0 mm:
e Hésbé1=0.13um
e Duwong kinh dong tr1 = 6.0 mm
e Duwong kinh dong t&r2 = 5.0 mm
e n=4(quang sai bac 4)
5M

He $62 = 2 (0.13) =(0.48)(0.13) = 0.06 pm

Cha y rang cong thirc nay ap dung cho mét dang Zernike don Ié, khong ap dung cho RMS két hop nhiéu dang. Dé
tinh mét gia tri RMS dwoc xép bac, ban phai:

e Xép bac tivng hé sb Zernike
e Tinh RMS cla cac dang ma ban muébn két hop

TINH RMS

Dwa vao cac hé sb ctia mbi dang Zernike, ban co thé dé dang tinh dwoc gia tri RMS clia cac dang két hop nay. Viéc
nay cho phép dinh lwong tdng dd I&n clia cac dang Zernike két hop. Cong thirc clia RMS la:

rMis = |37 [(C) + () +(Ch)’ +K]
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CAC QUANG SAI BAC CAO (TIEP THEO)

Trong do, Cy' 1a cac hé sb Zernike dwoc quan tam. Ban co thé tinh d6 sai mat song RMS clia bét ki két hop nao cla
cac dang Zernike, nhwng n6 thudong dugc dung nhat cho tbng cac quang sai bac cao hoac cho két qua két hop cla
tat ca cac dang ciia mét bac.

Thi du, dung cac gia tri hé sé Zernike tlr hang 1 clia bang 3-1 (mét tét nhét), tinh RMS cho quang sai bac 3 két hop.

RMS = \/Z[(—0.0?)z + (0.02)? + (-0.09)2 + (0.01)? 4+ (0)?] =0.12 ym

DO CHINH XAC CUA QUANG SAI KE

Cong trinh & giai doan ban dé,u, bao gdm nghién ctru cla gido sw Thomas Salmon & Dai hoc bang Northeastern, da
thtr 6 chinh xac cta cam bién Shack-Hartmann dé do quang hoc clia mat nguoi. Voi cac kinh thtr, quang sai ke
cla éng co thé do céac bién dang nho t¢i 0.02 pym, twong dwong khoang 0.008 diop cla tat khic xa. D6 chinh xac
nay khé dat dwoc véi mat nguwdi do nhirvng yéu to:

e Chuyén dong ctia dau va mét trong khi do.

o Dao dong diéu tiét va kich thwéc dong ti.

e Dao dong & &p nwdc mét.

Ngoai ra, khé cé thé cong n,hén gia tri mét dung cu ghl’nh xac nhg’ vay, pé’i vi né vuot qua xa tat cd cac phwong
phap do tat khic xa cua mat. Tuy nhién, 6ng thay rang c6 sw thong nhat chat ché gitra do quang sai chi quan
(bang mot phwong phap dwgc phat minh bdi Smirnov vao nhitng nam 1960 — Hinh 1-6) va cac so do bang cam
bién Shack-Hartmann cua cung mét mat (Hinh 1-7). Nghién ctru cia 6ng dé cho thay rang tinh trung binh thi cac so
do dd cau va do tru bang quang sai ké COAS rat khop voi ket qua do khic xa chd quan trén 1am sang. Cac nghién
cu khac gan day v&i mat mé hinh da xac nhan rang quang sai k& Shack-Hartmann do dwoc chinh xac cac quang
sai bac cao.

Béng 1-6:Po quang sai bdng thiét bj kiéu Smirnov Béng 1-7: Po béng cadm bién Shack-Hartmann
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CAN BANG QUANG SAI O MAT NGUOIl

Cac nha thiét ké thAu kinh da tdi wu héa cac hé tao anh quang hoc nhan tao bang cach can béng quang sai dwong
clia mdt thanh phan dbi véi quang sai am & thanh phan khac. Diéu nay xay ra dén moét mirc do nao doé & loan thi.
Giac mac thudng cé loan thj thuan nhwng thé thiy tinh thweng cé loan thi nguoc nhe. Két qua 1a, téng loan thi cia
mat thwdng it hon cla giac mac.

Trong nhiéu ndm, cac nha khoa hoc da nghién ctu xem liéu cé sw can bang xay ra déi v&i cac quang sai bac cao.
Suw can béng hiru hiéu gitra giac mac va thé thiy tinh khac nhau gitra ngudi nay véi nguwdi khac, va & cung mot
ngudi, tr dang nay sang dang khac. Mét sb6 ngudi cé can bang hivu ich (thé thay tinh gitp trung hoa giac mac),
trong khi mot s6 ngwdi khac lai c6 can bang béat loi (quang sai cta thé thiy tinh cong thém vao quang sai cla giac
mac) dbi véi moét sb dang.

Mét nghién clru cla Artal va cs (2002) da goi y rang déi véi nhivng mat nguoi tré khée manh, cac quang sai bac
cao trong mét thuwong c6 dau trai ngwoc quang sai giac mac twong (rng. Trong nhirng trwdng hop nay, quang sai
giac mac sé dwoc can bang bdi hé théng quang hoc & trong mét va hiéu qua cla sw can bang sé phu thudc vao do
I&n clia quang sai gidc mac va quang sai trong mét. Theo thdi gian va sw thay déi thé thiy tinh do tudi, sw can bang
hiru hiéu & nhirng mat nay dwérng nhu bi pha v&, va két qua 1a quang sai cla toan bé mat cé xu hwéng téng theo
tudi (Hinh 1-8).

1.2

1.0

0.8 | +

aaaa

0.6 - [ 1 R

O_z%ﬁ.f'._ + o

0.0

micron

25 30 35 40 45 S0 55 60 65 70
Tuoi (nam)
Béng 1-8: Thay déi quang sai theo tuédi

Tbng cac d6 sai mét séng bac cao (d6 sai RMS) clia 17 mat, tudi tir 25 dén 70. Cac quang sai bac cao dwdng nhw
tang theo tudi, mac du c6 nhirng thay dbi ca thé. Cac miii tén chi cac ban dd quang sai séng va cac ham mé rong
diém twong &ng voi 2 diém di liéu, cia moét mat ngwoi tré va mot mat ngudi gia. (Trich ti: Artal P, Guirao A, Berrio
E, Williams DR. J Vision, 2001;1: 1-8)

CHINH MAT BANG QUANG HOC THICH I’PNG

Cam bién mat song ban dau duoc phat trién cho quan sy va thién van dé do va sau do bu trir cho tinh sai khi
quyén. Ngay nay, hau hét cac kinh thién van I&n nhat trén thé gi¢i deu co cam bien mat song Shack-Hartmann dé
do quang sai, va mét gwong cé thé bién dang dé chinh quang sai. Quang hoc thich &ng la cac hé thong dé do va
chinh quang sai, dac biét la cac quang sai bac cao. Cac hé thong quang hoc thich &ng, ban dau dwoc dung trong
thién van, ciing da dwoc 4p dung cho mat ngudi dé:

1. Chinh thjlwc

2. Caithién viéc chup anh day mat
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CHINH MAT BANG QUANG HOQC THIiCH U’NG (TIEP THEO)

| LOI ICH THI GIAC CUA VIEC CHINH QUANG SAI
Cac nha nghién clru & Trung tdm dai hoc khoa hoc thi gidc Rochester da chinh cac quang sai don sic cla mét
béng mot gwong co thé bién dang va do thi lwc cai thién thé nao. Ho cling nghién ctru loi ich ctia chinh séc sai va
chinh ca quang sai don sic va sac sai. Chi chinh séc sai cho thi lwc hoi tdt hon thi lwc cha kinh tét nhat. Chi chinh
cac quang sai don sac cho thj lwc con tét hon niva, va sy cai thién tét nhat dwoc thay khi chinh ca sic sai va cac
quang sai bac cao don séc (Hinh 1-9).

| CHUP ANH DAY MAT BANG QUANG HOC THICH I'NG |
Chinh thi giac khéng phai la lgi ich 1am sang duy nhat ctia quang hoc thich &ng. Chinh quang sai ctia méat ciing cho
phép cac anh véng mac rd hon nhiéu. Cac nha nghién ciru & Trung tdm Dai hoc Rochester da thiét ké mét may soi
day mat quang hoc thich trng dem lai nhirng &nh chwa bao giv thay clia vi cau tric vong mac nguoi séng (Hinh 1-
10), bao gébm anh clia cac té bao non riéng I& clia hoang diém. Diéu nay da cho phép Ts. Austin Roorda va Ts.
David Williams nghién ctru sy sép xép cac té bao nén S, M va L, 1a 3 loai t& bao quang thu cung cap thong tin thi

giac co ban cho sac giac.

dong tir 6 mm

dwong cong W -
ngwong thin kinh s

\/_H' 125 e
14—,

’ L/ Y
PP BPEPEET B oA BT B SPEPE | B
0.010 10 20 30 40 50 60
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Chuyén diéu bién
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N

Béang 1-9: Cac ham chuyén diéu bién (MTF) sau khi chi chinh tét khic xa céu va loan thi (dwéng cong dwéi), chi chinh séc sai
(duong cong C), chinh tét khic xa céu, loan thj va quang sai don séc (duong cong M) va chinh tét cd quang sai (dudng cong
trén). Thi lc tang 1.2 Ian khi chinh séc sai va tdng 1.4 Ian khi chinh cac quang sai don s&c. (Trich tir. Yoon GY va Williams DR.
J. Opt. Soc. Am. A, 2002;19: 266-275)

Béng 1-10: Anh day mét do phan giai cao cho thdy céc té bao nén riéng 1é & hoang diém

Mau gia dwoc thém vao dé nhan biét cac té bao nén S (mau lam), M (mau luc) va L (mau d6). Anh c6 dwoc bang
mot may chup anh day mat quang hoc thich trng. Anh ctia Ts. Austin Roorda, Dai hoc Houston
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Cac nghién clru da cho thay rang, déi véi nhirng mat c6 quang sai lon, c6 mét twong quan tét gitra tdng RMS bac
cao va thj lwc. Tuy nhién, doi v&i nhirng mat quang sai nhé hon thi twong quan nay kém hon (Applegate, Ballentine,
Gross, Sarver & Sarver, 2003a).

Lién quan gitra hé théng quang hoc va thj lwc con phirc tap hon bi vi, nhw Applegate da cho thay, khong phai tat
cd cac quang sai déu bang nhau. (Applegate, Sarver & Khemsara, 2002). Mot sé dang lam gidm thj lwc nhidu hon
cac dang khac, ngay ca véi cung mot do sai s6 RMS. Khi xét cac dang riéng biét, nhitng dang cé chi sé trén nhd
hon (m cla "Z«™ ) & mdi bac Zernike (trc 1a cac dang & gan gira hinh chép) cé anh hudng bat lgi nhiéu hon dbi véi
thi lwc. Thi dy, 0.2 pm ctia Z4° anh hwéng nhiéu hon 0.2 pm clia Z42 hodc Z44.

Applegate va cs (2003b) da nghién ctru anh hwdng déi véi thi lwc ctia cac cap dang Zernike va thay rang twong tac
gitra cac dang la phirc tap. Ddi véi mot sé cép dang, quang sai & mdt dang co thé gitp trung hda quang sai & dang
kia. Thi du, 0.25 um RMS cla chi riéng tat khic xa cau Z2° thi t& hon 0.25 pm RMS clia Z2° va Z4° két hop. Mat
khac, mot s6 dang lai lam tdng &nh hwéng bét lgi véi thi lwe. Thi du, 0.25 um RMS cla Z4° cong véi Z42 té hon 0.25
pm RMS cua chiriéng Z4° (Applegate va cs., 2003a).

Két luan 1a RMS la mot yéu té dw bao khdng chinh xac thi lwc khi quang sai twong déi nhé. Diéu nay ding & mét
binh thwdng dwoc chinh kinh tét hodc mét da dwoc phau thuat khic xa theo mét séng thanh céng. Do d6, Thibos va
nhirng nguwdi khac da cbé géng tim mot cong thirc toan hoc tir cac hé sd Zernike dé cé thé dy tinh thi lwc. Ong da
ther 33 tham sé, va da co dwoc mdt sb cong thire tdt dén mirc dng da cho rang ching tét hon la do khuc xa chu
quan (tiéu chuan vang ctia ching ta) trong viéc xac dinh khic xa béng kinh cho thi lwc tét nhat (Thibos va cs, 2004).

THi DU CUA CAC NGHIEN CUPU QUANG SAI GAN bAY

e Do quang sai dwoc dung dé so sanh 2 nuwéc mat nhan tao khac nhau hoat déng thé nao & mat.

e Do quang sai dwoc dung dé nghién clru nhirng thay ddi quang hoc clia mat kém theo thay ddi mirc dwdng mau
clia ngwoi khdng dai thao dwdng va nguwi dai thao dwong.

Do quang sai duoc dung dé so sanh chét lvgng quang hoc clia 2 kinh tiép xdc phi cau duoc khang dinh la dé
chinh cau sai

e Do quang sai dwoc dung dé nghién clru sy thAm wot bé mét va sw khdé bé mét cla kinh tiép xdc.

CAC TIEU CHUAN ZERNIKE: NHI'NG PIEM CAN NHO

e (Tham khao cac bang tra ctru OCO)

e Biét cac dang Zernike tiép sau, ki hiéu Z va hinh dang ctia ching
¢ Quang sai bac 2

e Quang sai bac 3

e CAu sai (& gitra quang sai bac 4 va bac 5)

e Biét gia tri RMS bac cao trung binh cla déng t&r 6.0 mm
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